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Abstract 
Water supply and sanitation have about the same goals all over the world. The needs for safe 
water supply and sanitation are obvious although not generally implemented. This depends 
often on the economical situation and bad management. Additional factors are effects of war 
actions and natural disasters as flooding of rivers and tsunamis. The strategies are, however, 
similar independent of the actual conditions. In this paper the strategies as developed in 
Sweden are described related to practical implementation of technology and management 
strategies. The experiences have shown on both mistakes and successful handling. Today, 
Sweden is involved in both adjusting policies according to European Union rules (as EU 
Water Framework Directive) and also in sharing experiences to facilitate international 
implementation of cost-effective methods.   
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Introduction 
Water resources engineering has the focus on three main issues. The first issue is water 
supply of safe water. Especially in regions with water scarcity the problems are severe and 
also increasing. Secondly, some regions have large problems related to too much water at 
certain occasions causing for instance flooding. Also flooding can cause severe water quality 
deterioration due to transport of different pollutants. Countries with rain seasons may have 
problems both with water scarcity and flooding. Finally, there is a need for wastewater 
treatment to hinder water quality deterioration and in some cases a need for restoring polluted 
lakes and rivers. 

Cost-effective water supply and sanitation may be seen as a part of water resources 
engineering. Legal aspects of preserving water quality in a whole river basin are given in the 
EU Water Framework Directive (WFD). WFD aims at achieving good water status for all 
waters by 2015. About 47 % of Europeans in all 25 EU countries are worried about Water 
pollution. This demand by citizens is one of the main reasons why the commission has made 
water protection one of the priorities of its work. The new European Water policy will get 
polluted water clean again, and ensure clean waters are kept clean. In achieving these 
objectives the roles of citizens and citizens' group become crucial. This is why a new 
European Water policy began to get citizens more involved. European Water policy has 
undergone a thorough restructuring process and the WFD 2000 became the operational tool, 
setting the objective for water protection for the future. (European Commission, 2002). 
     Similar documents have been developed in other countries or regions as NWRS  (National 
Water Resource Strategy for South Africa). NWRS describes how the water resources of 
South Africa will be protected, used, developed, conserved, managed and controlled in 
accordance with the requirements of the policy and law. The central objective of managing 
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water resources is to ensure that water is used to support equitable, sustainable social and 
economic transformation and development (Department of Water Affair & Forestry, 2004). 

There is a consensus of the general goals in these documents. The goals are based on 
sustainability. However, the degree of implementation is much different due to economical, 
social, political and cultural factors. Sweden has not been involved in severe war actions 
during the last 150 years and has successively built up infrastructure for water supply and 
sanitation during the last century. This means that there is a large amount of experiences of 
design, operation and maintenance of different systems. It also means, however, that some of 
the used technologies are old and must be replaced in the future and would not be used in 
building new systems.  

In this paper a summation will be given on some historical aspects of water supply and 
sanitation as applied in Sweden and also on some trends. Some principles will be discussed 
for cost-effective water supply and sanitation and possibilities for technological and 
management transferring of knowledge. Some policies and management problems in water 
and sanitation that are related to Kurdistan are discussed and general recommendations are 
given.  
 
 
Scale and time aspects   
Built-up of infrastructure in water supply and sanitation started in Sweden as in many other 
countries around 1900 with understanding of the need to supply the population with safe 
water as water borne diseases were the main health problem. Building of water transport 
system from lakes or rivers with high water quality also led to the need for transport of used 
water from urban areas. This transport led to severe pollution problems in the recipients. In 
London the year 1858 was characterized as the year of the great stink and much later a book 
was published in Sweden with the title “Dirty Sweden” describing the connection between 
poverty, hygiene and environment. 

Active environmental protection actions start in Sweden after the economy had recovered 
after the Second World War and was rapidly growing and different aspects are shown in a 
schematic diagram. 

Focus was first given to local problems normally related to municipal discharges as 
visible pollutants that could be removed by mechanical equipment but also biodegradable 
soluble compounds casing oxygen depletion in the recipient and thereby odor problems and 
fish kill. The countermeasures were mainly simple mechanical equipment (screens and 
sedimentation) and then the use of a high dilution degree to avoid oxygen problems and to 
decrease hygienic problems. 

Industrial activities led to discharges of compounds that earlier were of less importance 
as replacement of soap with phosphorus containing detergents, use of different metals and 
synthetic organic chemicals, and increased energy use causing discharges of sulphur dioxide 
and thereby acidification. The scale changed from local to regional with eutrophication of 
lakes, deterioration of lake and river water quality due to discharges of toxic substances and 
lowering of pH-value in regions with soils with a low buffering capacity. The way to solve 
the environmental problems was mainly “end of pipe solution” with improved wastewater 
treatment, flue gas cleaning, incineration of solid wastes and sealed landfills. 

A problem not considered in the beginning of these end of pipe solutions was the 
problems of final disposal of sludge from wastewater treatment or flue gas cleaning, ashes 
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from incineration, and space needed for landfills with long-term emissions to the ground or 
air phase (as methane gas). Attention was, therefore, directed towards recycling of wastes for 
possible use as sludge for agricultural purposes, ashes as part in building materials etc. This 
recycling led to the need of better quality of the recycled product and main ways were source 
control and safe production methods. 

End of pipe solutions combined with recycling, source control and safe production methods 
have the potential to be sustainable. Countermeasures were mainly based on technical 
methods although legislation and economical methods (taxes, subsidizes, etc) got an 
increasing role. New factors to be considered were related to global environmental problems 
as depletion of ozone layer and global warming. Although the role of carbon dioxide for 
global warming still needs to be better clarified many national or international agreements 
have been signed for the reduction of emissions of the gas.  
Other problems related to water and sanitation are also in a global scale. This is for instance 
other green-house gases (as discharges of methane gas or laughing gas), spread of 
epidemics, increased spread of medical rests causing changes in sex for fish, large scale 
accidents, and natural disasters as tsunami. Counteractions need to be multi-disciplinary 
and are ranging from technical-economical, social and juridical to cultural aspects. An 
increasing attention has been given to public participation (Agenda 21), co-operation with 
environmental organizations, education on different levels from children in schools, and 
public, operational staff and at university level. Increased environmental awareness is today 
seen as a crucial factor in accomplishment of cost-effective water supply and sanitation 
(Hultman, 1998). (Fig. 1) shows Scale and Time aspects for defferent Environmental 
Problems and Counter Measures  in Sweden. 

 
 

Trends in water and sanitation strategies 
 
Pollution emissions and resources needed 
Emission exemplified for water and wastewater treatment may be rewritten to consider three 
basic factors: 
Emission = (Population) * (Produced water or treated wastewater/population) * 
(Emission/produced water or treated wastewater)  
The first factor can be related to population growth and urbanization and has mainly socio-
economic aspects. Earlier main focus of the second factor was to supply persons with enough 
water typically calculated in l/capita, day and fraction of population connected to sanitation 
systems with a certain degree of treatment. When the basic needs were satisfied increased 
focus was put on pollutant emission and resources needed to accomplish certain goals. This 
means that all emissions (water, air, solids) are evaluated for the water and wastewater 
treatment and not only consideration of the water phase. In addition resources needed to 
reach a certain goal of the treatment (chemicals and energy) should be minimized.  

The need to consider both the treatment efficiency and the needed resources may be 
illustrated by an example. Suppose that population growth is 2%, a constant value of 
produced water or treated wastewater per capita and a decrease of emission with 2%. This 
would mean a need for increased process efficiency by 4% per year and shows the need for 
process technology development. 
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Efficient recovery of materials and energy in wastewater treatment 
Many ways have been studied to recover resources from wastewater. The water phase can be 
used for irrigation, industrial purposes and even as a possible source for production of 
drinking water (especially in water scarce regions). Due to combined use of cold and hot 
water, wastewater has a higher temperature than raw water and heat may be recovered by use 
of heat pumps. This technology is often used in Sweden and heat is supplied to central heat 
distribution systems.    

Another source of energy from wastewater treatment plants is biogas that is produced 
from anaerobic degradation of organic materials as in biological sludge. An increasing use of 
biogas (after cleaning) is as fuel for busses. Toilet paper etc removed by screens was earlier 
disposed on landfill but is today often recovered as fuel for incineration.  

Nutrients may be recovered as a part in wastewater used for irrigation, in sludge used in 
agriculture and some efforts are today made to recover phosphorus as a product, for instance 
magnesium ammonium phosphate. Efforts are also made for recovering inorganic materials 
mainly for the building industry and also to recover precipitation chemicals. 

Reuse and recycling of materials has the advantage of decreasing the sludge from 
treatment processes. The cost reduction due to decreased sludge disposal is normally 
considerably higher compared to the value of the recovered products. An important goal is 
that resources needed for recovery should be minimized. 
 
 
Use of nature based methods and materials 
In water rich regions wetlands are common. Wetlands can also act as treatment of pollutants. 
It is important to consider accumulation of sludge containing non-biodegradable pollutants 
into sediments. Hygienic problems must be regarded and also special problems as 
development in certain regions of mosquito causing malaria. 

The trend in Sweden is to either use wetlands as a polishing step after advanced 
wastewater treatment or to be designed in a similar way as a modern wastewater treatment 
plant. The design is based on the use of wetlands with sufficient area for treatment and 
replace technical constructions of different basins for sedimentation, biological reactions etc. 
However, operation must be performed in a strict manner related to flow distribution, some 
needs for chemicals and energy and removal of accumulated sediments for further handling. 

Reed bed system is another technology of increasing interest. In a modern wastewater 
treatment plant, traditional wastewater handling for instance with anaerobic digestion, 
dewatering and transport involves around 40% of total wastewater treatment costs. A reed 
bed has a similar function as technically performed dewatering and stabilization treatment. 

The technology with reed beds (Fig. 2) is based on pumping of thickened sludge to a 
controlled area for storage of the sludge (for instance five years) and to return effluent from 
the reed beds to the treatment plant. The system is based on dewatering by evaporation from 
plants, oxygen supply by plants from roots of the plants, degradation of pollutants, and 
stabilization and hygienization due to long-term storage of the sludge. In addition, there is a 
possibility of product use from the system as sludge for agriculture and use of the plants as 
energy source or fertilizer. 

Many countries have the problem of import of chemicals and materials used in traditional 
water and wastewater treatment. Chemicals and materials can be partially or totally 
substituted by natural products in the region. Moringa oleifera.  
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(Fig. 2). Rreedbed in summer 
 
Examples outside Sweden are the plant Moringa oleifera (Fig. 3), where the seeds  

(Fig. 4), have flocculation and disinfection effects, the use of materials for adsorption as 
zeolites (Fig. 5) , and pumice (Fig. 6) as a substitute for antracite in dual-media filtration. 
Practical application of these natural methods and materials means producing them at a 
reasonable quality and at a cost less than traditional chemicals or materials. 

 

 Fig. 3. Moringa oleifera 
 

 Fig. 4. Moringa oleifera seeds 

http://upload.wikimedia.org/wikipedia/commons/f/fa/Phragmites_australis1.jpg
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Fig. 5. Zeolites                                                       Fig. 6. Pumice from Teide volcano.                         
                                                                               (Photo User:MPF)                                     
 
 Management improvements 
Development of strategies to sort different waste fractions is often beneficial for further 
treatment. In industry, different process waters may be sorted for possible reuse and from 
cooling water. In urban areas, storm water may be discharged separately sometimes specially 
treated as from heavily polluted run-off from roads. Much attention is today directed towards 
separation of urine, grey water or black water in households (Fig. 7). However, the costs for 
this sorting are high. 

Sorting of municipal solid wastes (Fig. 8) has gained a general acceptance in Sweden. A 
large fraction of electrical equipment is collected separately for further treatment. Toxic 
organic pollutants as solvents and pharmaceutical rest products are collected separately for 
destruction. Paper and plastics are collected for reuse. Shops have special apparatus for 
collection of cans and bottles and the consumer gets a low repayment. A system exists for 
final disposal of used cars. The degree of sorting is much depending on consumer behavior 
and both information campaigns and ways to facilitate the sorting for the consumer have led 
to an increased sorting degree. 
 

    Fig. 7. The  NoMix toilet  (VAKUUM + HAUSTECHNIK).    
 

http://en.wikipedia.org/wiki/Pumice
http://en.wikipedia.org/wiki/Teide
http://en.wikipedia.org/wiki/Volcano
http://en.wikipedia.org/wiki/User:MPF
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Fig. 8. Containers for solid waste sorting (Photo, Nasik Najar) 
 

 
Benchmarking by use of different performance indicators is a way to improve cost-
effectiveness of water and sanitation services. Full cost recovery is aimed at for these 
services today according to the EU Water Framework Directive. The purpose of 
benchmarking may be to detect cost reduction and process optimization potentials and to 
improve competitiveness on the market if ownership can be both public and private. 
Benchmarking requires reliable databases on performance and this requirement means the 
need for qualified operators and managers and has in practice led to cost reductions for the 
consumer. Water and sanitation is complex and deficient operation and maintenance is more 
costly than employing qualified staff. Active contributions towards education on different 
levels are therefore an important way for improved cost-effectiveness. It is a common 
practice that school children are invited to study visits at treatment plants to encourage better 
knowledge and importance of consumer behavior.   
 
 
Integration of water and sanitation with other sectors 
Water and sanitation has many connections with other sectors in society. Activities both 
consume (need for safe supply of electricity) and produce energy (biogas, heat pumps). 
Treated water may be a source for irrigation and industrial use. Separated sludge may be used 
for agriculture, soil conditioning, restoring of mining areas, as part in building materials etc 
and be a part in an eco-cycling society. A special problem is the different demands for water 
from agriculture, industry and public. This is especially important in countries/regions 
downstream another country/region with possibilities to control or change the water flow. 
Effective ways to save and recycle water are important tools to avoid conflicts between 
countries or regions related to water quantity and quality. 

Combined handling of municipal wastewater and solid wastes has a large potential 
although not in common practice. Examples include supply of organic wastes into digesters 
for sludge handling and combined incineration of sludge and solid wastes. 

Integration of water and sanitation with other sectors may also have beneficial effects on 
management practices. A larger organization covering different aspects of water supply, 
wastewater treatment, solid waste handling and central heating systems can afford to have 
different expertise on subjects as hydraulics, process technology, computer technology etc. 
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This is also important in purchase of external assistance (as in construction works etc) 
and also to buy chemicals at a low price. Possibilities exist to have a safety in equipments as 
pumps and skilled staff for repair of equipment. Skilled staff for environmental evaluation is 
improved in a larger organization. Administration may be facilitated as sending bills to 
consumers for cost recovery. However, large organizations may inhibit possibilities for local 
actions, transparency for consumers and thereby the important role of public participation. 
 
 
Integration of water and sanitation at different levels 
Water and sanitation have many levels of handling. The range is from small-scale treatment 
units and equipments in houses, local handling in house clusters in rural areas, condensation 
areas around cities, squatter areas, cities and mega-cities, regions to global aspects. Different 
actions can be performed on the different levels. A way of strategy is to start with the looking 
on actions of small-scale units and then evaluate systems of water and sanitation with 
increasing complexity. 

Many remedies can be performed inside houses and buildings. In houses attention should 
be given to water saving equipments, which is easy to handle. In industrial buildings much 
can be done on water savings, internal treatment and reuse.  Water saving equipments ought 
to be placed in mosques.  In rural areas local handling is practiced. In cities, central systems 
have mainly been used due to cost-effectiveness of large-scale systems. 

Special problems are related to condensation areas (as choice of local or central 
handling), squatter areas and mega-cities. In addition, interactions must be considered 
between urban and rural areas and the combined effects on the water quality in a river basin.  
 
 
Policies and management problems in water and sanitation in Kurdistan 
region and in Iraq in general 
Different contacts as well as evaluation reports shows that there is a great need to develop 
knowledge on how to handle the current situation of environment. A scientific basis for 
formulating strategies to solve water and wastewater problems should, therefore, be given 
highest priority. (de Rooy, 2003). 
 
A substantial support is needed for restoring the present infrastructure and to build-up new 
infrastructure for water and wastewater handling, probably mainly with contracts given to 
foreign companies. A strong dependency of future water and wastewater handling in Iraq 
from these companies can then be foreseen and it is important to rapidly build up 
competency in this field for managers and operators in the region to be able to be active 
partners in the restoration and rebuilding of the infrastructure. However, there is a large lack 
of competent staff to operate and maintain the systems, transfer of theoretical knowledge to 
practice, and planning skills for future water and wastewater handling. The character of the 
problems is not covered in textbooks in water and wastewater handling and responsible 
managers and operators have little available compiled information sources of how to handle 
the problems.  

The situation shows that only about 10% of all buildings have water meters and it is not 
clear how water and solid waste charges were collected. The pressures in the water network 
are low and water cannot normally reach the elevated water tanks at residential homes in 
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many parts of the region. This has also exposed the network to contamination from damaged 
and leaking septic tanks. The water quality in rivers has declined due to discharges of sewage 
and due to increasing salt concentrations of the rivers Euphrates and Tigris. (de Rooy, 2003). 
As well as in big and small cities the waste water from the bathroom and the kitchen 
discharges directly to the trench which discharges to water bodies. This situation is 
unsatisfactory in that wastewater can come in contact with the population causing illness and 
death. UNICEF estimated a rise of 160% in the mortality rates in children less than 5 years of 
which 25% was due to diarrhoea (UNICEF, 2003). 

Prior to year 2003 war there were a huge shortage of staff within water and sanitation.  
The number of vacancies represented is as much as 54% of approved positions. The main 
areas that experienced shortages were managerial position and technical staff and 
technicians. These groups were only 12% of the total staff for the Water Authority and 15% 
for the Sewerage Authority.   

In order to meet the main objective of sustainable management in Kurdistan the 
following activities are typically recommended and are in general agreement with the earlier 
mentioned United Nations/World Bank report (de Rooy, 2003). 
 
• Identification of specific problems in the regions in water and wastewater handling.  
• Studies of how to handle severely damaged infrastructure due to low maintenance for a 

long period or due to war or sabotage actions and preventive actions for the future 
• Information on avoidance of water-borne diseases during acute periods of low-quality 

waters. 
• Case-studies on effects and practical solutions. 
• Provision of text materials on how to solve different problems on water and wastewater 

handling based on teaching materials in developed countries such as Sweden etc.   
• Formulation of strategies related to sustainability concepts as WFD and NWRS. 
• Description of different indicators to evaluate performance and to facilitate comparisons. 
 
 
 
Conclusions 
 
Policies 

• Strategies for water and sanitation has gradually changed from (1) mainly supply of 
water and discharge of wastes without treatment followed by (2) end-of-pipe 
solutions to (3) a multi-disciplinary approach also considering social, legal and 
cultural aspects and especially the role of active participation from the consumers; 

• Sustainability means that all emissions from water and sanitation should be 
considered as well as the needed resources in form of chemicals and energy; 

• Trends in technology are to improve ways to recover resources from wastewater 
handling as water and its heat content, nutrients, organic material as an energy source 
and inorganic materials; 

• In order to save resources, the use of different natural resources has a large potential 
• Many benefits are possible with water and sanitation if interactions are considered 

with other sectors in society; 
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• Scale must be considered for efficient water and sanitation handling in river basins 
ranging from measures inside buildings, local treatment, and central treatment and 
consideration of a whole river basin and even global effects.   

 
 
Management 

• Much work is needed in order to operate and manage the expected investments in 
building and rebuilding infrastructure all over the world. 

• Training programs for operators, engineers and planners. 
• Improving and raising staff capability through developing of study- programs at 

colleges and universities in developing countries. 
• Planning and communication groups for hygiene promotion. 
• Application of a suitable tariff structure. 
• Instruction manuals in several fields in water and sanitation. 
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